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In this brief report we consider couplings of the dark energy scalar, such as Quintessence to the 
neutrinos and discuss its implications in studies on the neutrino mass limits from Baryogenesis. 
During the evolution of the dark energy scalar, the neutrino masses vary, consequently the bounds 
on the neutrino masses we have here differ from those obtained before. 



There are strong evidences that the Universe is spatially accelerating at the present time[l|. The simplest account 
of this cosmic acceleration seems to be a remnant small cosmological constant, however many physicists are attracted 
by the idea that a new form of matter, usually called dark energy is causing the cosmic accelerating. A simple 
t candidate for dark energy is Quintessence^, H 0, 0|i ^ scalar field (or multi scalar fields) with a canonical kinetic 
term and a potential term in the Lagrangian. Another one is called in the literature as k-essence|3,0|. Differing from 
Quintessence, for k-essence the accelerating expansion of the Universe is driven by its kinetic rather than potential 
energy. Being a dynamical component, the scalar field dark energy is expected to interact with the ordinary matters. 
^ , In the literature there have been a lot of studies on the possible couplings of quintessence to baryons, dark matter and 

^ ' photons 1 mill mill. For example, in Refs.[lllll3| it is shown that introducing interaction between Quintessence 

, and dark matter provides a solution to the puzzle why ^Idm and ^de are nearly equal today. Specifically the authors 
. of Ref.E3 recently considered a model of interacting dark energy with dark matter and in their scenario the mass of 
[ dark matter particle x depends exponentially on the dark energy field scalar Q,M^[Q) = Me~^'^^^''' . During the 
. evolution of the dark energy scalar field the mass of dark matter particle varies, consequently the parameters of the 
QQ ' dark matter model, such as the minimal supersymmetric standard model (MSSM) differs drastically from the results 
, where no connection between dark energy and dark matter is present. Recent data on the possible variation of the 
T-H ' electromagnetic fine structure constant reported in^l6j has triggered interests in studies related to the interactions 
t ' between Quintessence and the matter fields. For this case, one usually introduces an interaction of form QF^,^F'^'^ 
with Ffj^^ being the electroniagnetic field strength tensor. 

In the recent years we ^3 have studied the possible interactions between the dark energy scalars, such as 
Quintessence or K-essence, and the matter fields of the standard elcctroweak theory and have shown that during 
the evolution of these scalar fields CPT symmetry is violated and the baryon number asymmetry required is gener- 
Q-i, ated. The mechanism for baryogenesis and/or leptogenesis proposed in Refs.0,0| provides a unified picture for 
O ^ dark energy and baryon matter of our Universe. In this brief report we consider possible couplings of Quintessence 
QJ ^ to the neutrinos and study its effects on the neutrino mass limits from Baryogenesis. 

■ We start with an examination on the neutrino mass limits required by avoiding the washing out of the baryon 
^ ' number asymmetry [l^ . Consider a dimension 5 operator 

' 2 
rS ' Lfi = -lLlL(j)(t) + h.c, (1) 

H ' J 

where / is a scale of new physics beyond the Standard Model which generates the B — L violations, lLT<t> are the 
left-handed lepton and Higgs doublets respectively. When the Higgs field gets a vacuum expectation value < (f)>^ v, 
the left-handed neutrino receives a majorana mass mn ~ If this interaction in the early universe is strong enough, 
combined with the electroweak Sphaleron effect it will wash out any baryon number asymmetry of the Universe. 
At finite temperature, the lepton number violating rate induced by the interaction in Eq.(l) is|2r)|| 



T^^Q.QA—. (2) 



2^3 

The survival of the baryon number asymmetry requires this rate to be smaller than the Universe expansion rate 
H ~ l.mgl'^T'^/Mpi, which gives rise to a T-dependent upper limit on the neutrino mass 

Em^, = [0.2eni^^)^/T. (3) 
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For instance, taking T around 100 GeV for one type of neutrino it gives rrii, < 20KeV, however for T lO-'^^GeV, a 
typical leptogenesis temperature, this bound reduces to 2 eV. 

Now we introduce an interaction between the neutrinos and the Quintessence 

P^-AdLH + h.c, (4) 

Mpl J 

where (3 is the coefficient which charactrizcs the strength of the Quintessence interacting with the neutrinos and 
generaUy one requires /3 < 47r to make the effective lagrangian description reUable. Combining Eq.(l) and Eq.(4) we 
have an effective operator for Quintessence-dependent neutrino masses 

Lfi{Q)^^^Y^lLlL^<f> + h.c, (5) 

where C{Q) = l+PQ/Mpi. 

In the early universe the B — L violating interaction rate now becomes 

Correspondingly the formula for the neutrino mass upper limit in (3) changes to 



2 r„ „ ,r.lO^^GeV,i C(Qo) 



where Qq is the value of the quintessence field at present time and Qt the Quintessence evaluated at the temperature 
T. In general will not be one, so one expects a change on the neutrino mass limit for a given temperature T. 

To evaluate C{Q) we need to solve the following equations of motion of the Quintessence, which for a flat Universe 
are given by, 

H' = ^{pB + ^ + Vm, (6) 



Q + 3HQ + V'iQ) = 0, (7) 

H = -47rGi{l+WB)pB+Q^), (8) 

where pB and "wb" represent respectively the energy density and the equation-of-state of the background fluid, for 
example wb = 1/3 in radiation-dominated and ly^ = in the matter-dominated Universe. 

For numerical studies, we consider a model of Quintessence with a inverse power-law potential^, 

V = V„Q-". (9) 

This model is shown [^,|^to have the property of tracking behavior. For a general discussion on the tracking solution, 
one considers a function F = V"V/ {V')'^ , which when combining with Eqs.(6)(7), is given by 

p ^ -, - 1 + WB - 2WQ X 2 X 

^2(1 + ^«q) 2(1 + u-q) 6 + a; (l-|-i(;Q)(6 + i)2' ^ ^ 

where a; = (1 -|- wq)/(1 — wq\x = dlnx/dlna and x = (P Inx/dlna^. If wq < wb,^ > 1 and F is nearly constant 
(i.e, \d{T — 1)/Hdt\ << |F — 1|) 6], the model has the tracking property. 



In the tracking region. 



F-l= ^B-WQ 1 

2{1 + wq) a' ^ ' 



then Wq = {awB — 2)/(a -|- 2). The WMAP gives that wqq < — O.TSjlJ, which requires a small value of a for this 
model. In FigOJ we show the evolution of wq with time, for parameters a = 0.5, ~ 0.7. In Fig. 2 we plot the 
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FIG. 1: Plot of WQ as a function of — ln(l + z). The left one 
quintessence model given by Ea. lll2l . 



0.8 




-70 -60 -50 -40 -30 -20 -10 

-in(1+z) 

is for quintessence model given by Eq.©; the right one is for 
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FIG. 2: Plot of Q expressed in unit of Mpi as a function of — ln(l + z). The left one is for quintessence model given by Eq.©; 
the right one is for quintessence model given by Eq.lO. 




FIG. 3: Plot of ^ for different values of /3 as a function of temperature T. The left one is for quintessence model given by 
Eq.Q; the right one is for quintessence model given by Eg. 1121 1. 
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evolution of Quintessence field as a function of redshift z. The values of Quintessence field at present time Qq is 
O.U3Mpi. 

Defining S = (Sm^.)^ = §^^t where St = 0.2ey( we in Fig.3 plot the E as a function of the 
temperature T for different values of parameters f3. /3 — corresponds to the case when no interaction between the 
Quintessence and the neutrinos exist. One can see from the figure that the difference between /3 = and P ^ 
increases as the temperature decreases. Numerically we find at T 100 GeV, for one type of neutrino the mass 
bound which is 20 KeV for /3 = changes to 29 KeV for /3 = 3 and 11 KeV for /3 = -3. At T - 10^° GeV, these 
mass limits are 2.9 eV, 2 eV and 1.1 eV for /3 = 3, 0, —3 respectively. 

Our limits on the neutrino masses depend on the Quintessence model. For an illustration, we consider another 
Quintessence model[^ 

F(Q) =Foexp(A/Q). (12) 

In Fig.l we show the evolution of ujq with time. We take A — 0.5Mpi which gives rise to uq ~ —0.8 at present time in 
consistent with the WMAP limit. The behavior of Quintessence field for this model as shown in Fig. 2 is different from 
the model we studied above. Consequently the neutrino mass limits will also be different. From Fig.3 one can see 
that for this model the neutrino mass limits differ drastically from that obtained in the absence of the Quintessence 
interacting with neutrinos. For example taking T — 100 GeV, E are 39, 20, 1 KeV for /3 = 3, 0, —3 and at T = 10^° 
GeV E = 3.9, 2, 0.1 eV respectively. 

In summary we have considered in this note a scenario where neutrino masses vary during the evolution of the 
Dark Energy scalars, such as Quintessence and studied its implications in Baryogcncsis. We assume that the neutrino 
masses are from a dimension 5 operator in Eq.(l) and the interaction form of the Quintessence with the neutrinos 
is given by (4). The operator (1) is not renormalizable, which in principle can be generated by integrating out the 
heavy particles. For example, in the model of the minimal see-saw mechanism |23|for the neutrino masses 

L = h,~luNRj<i) + ^M.jN'RiNRj + h.c. (13) 

where Mij is the mass matrix of the right-handed neutrinos and the Dirac mass of neutrino is given by mo = hi j < <j) >. 
Integrating out the heavy right-handed neutrinos will generate the operator in (1), however to have the light neutrino 
masses varied there are various possibilities, such as by coupling the Quintessence field to either the Dirac masses or 
the majorana masses of the right-handed neutrinos or both. Qualitatively because of these interactions the neutrino 
mass limits from leptogenesis|22 are expected to be changed, however to quantify these changes one needs to specify 
the details of these couplings and the Quintessence models. Numerical studies on leptogenesis in the minimal see-saw 
model show that the neutrino mass is bounded from above which for three degenerated neutrinos is rrii, < 0.12 eV 24] . 
Interaction of the Quintessence with the neutrinos can change this upper bound. Note that the cosmological limit on 
the neutrino mass from WMAP gives rriv < 0.23eV|23. Interestingly a recent study on the cosmological data showed 
a preference for neutrinos with degenerated masses around 0.21eV[25j. 

Our studies in this brief report can be generalized into models of electroweak baryogenesis in the discussions of the 
constraints on the model parameters, such as the Higgs boson mass. 
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